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Assessing the state of forest health in Oriental beech (Fagus orientalis L.) 

dominated forests in Iran

Abstract

We assessed landscape-scale forest health in northern Iran based on the Forest Health Monitoring (FHM) 

method. Using five plot clusters, we collected, analyzed, and reported information on the four key selected 

indicators (i.e., tree biodiversity, crown condition, natural regeneration, and deadwood) in FHM. To obtain 

a numerical value of forest health to make the indicators operational we used an analytical networking 

process to assess the contribution of each indicator to forest health. The results demonstrated that tree 

species diversity and species evenness were high (Shannon–Wiener index= 2.11; Simpson index= 0.8; 

Pielou index= 0.76), but species richness was at an intermediate level in the forest (Margalef index= 2.81).  

In terms of crown condition, with an average crown diameter of 7.1 m, the results of crown dieback 

classification showed that the most-healthy class had the highest frequency with 65.2% in the study area. 

The mean density of natural regeneration was 273 individuals ha-1 and 80% of which were represented by 

healthy seedlings. Total deadwood was 44.12 m3 ha-1 and was formed by 168 individuals per ha-1. A great 

contribution to the total deadwood in number (89%) falling in the lower DBH class (<50 cm), representing 

51% by volume. From the point of wood decay, Class 1 (least decomposed) had the most numerous and 

the most significant volume of deadwood. The assessment results of FHM show that the major indicator 

influencing forest health is tree diversity which contributes 61%. The remaining three indicators include 

crown condition, natural regeneration, and deadwood contributing 21.7%, 13%, and 4.4%, respectively. It 

must be highlighted that forest health monitoring information in temperate Hyrcanian forests is currently 

not available, and therefore, this paper presents the first experimental study carried out. The findings of 

this study are required to assess the state of current health and identify trends that will be used in the 

decision-making process for better management of the forests.

Keywords: FHM, Hyrcanian forests, tree diversity, deadwood, crown condition.

Introduction

Forests are subject to ever-increasing disturbances, both abiotic and anthropogenic, that affect the structure, 

composition, function, and health of forest ecosystems (Trumbore et al. 2015). To gain a better 

understanding of the effects of attributes associated with different disturbances and support the sustainable 

management of forest ecosystems, a holistic approach to monitoring and the assessment of forest health on 

different spatial scales is imperative (Lausch et al. 2018). Forest health has been defined by producing 

forest situations related to human demands (Kolb et al. 1995). This definition is closely related to 

sustainability, which is defined to meet the forest resource and ecosystem services of current and future 
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generations (Lu et al. 2015). Measuring and monitoring forest health is a critical part of risk management 

and requires information on forest conditions (Vakili et al. 2021, Gupta and Pandey 2021). Four stage 

approach has been needed for measuring and monitoring forest health, which is: stage 1: selecting sets of 

ecological indicators for specific ecosystems; stage 2: adopting historical baseline data, such as historic 

range of variation as a baseline; stage 3: developing standards that can set expectations for comparing 

current conditions; and stage 4: integrating a monitoring system to assess current conditions and modify 

baseline data to respond to new conditions (O'Laughlin 1994, O'Laughlin et al. 1994).

Despite the knowledge of forest health and current approaches to forest health, and all the available 

methodological strategies, the development of monitoring methods is still required to assess the forest 

health changes. Methodological approaches to forest health monitoring and assessment are varied, and their 

use depends on the goals sought to achieve in each study (Torres et al. 2021). For instance, the Forest 

Health Surveillance (FHS) plan was established in the 1990s in Australia (Robinson 2008). The main aim 

of FHS is to detect and map pests and diseases, and climatic disorders in forest ecosystems (Stone 1999; 

Carnegie et al. 2018). As well as Forest Health Monitoring (FHM) performed by the USDA forest service 

is one of the methods to provide trustworthy and transparent information on the status of forests in a 

consistent way over time and space. The main aim of the FHM plan is to conduct a systematic annual 

assessment of the forest ecosystem conditions. To provide information on forest health, the FHM plan was 

developed in 1990, which includes detection monitoring, assessment monitoring, research on monitoring 

methods, and intense site monitoring operations (Conkling et al. 2002, Bennett and Tkacz 2008). Based on 

the FHM method, several ecological indicators have been created around the world to evaluate the health 

of ecosystems. These indicators are dynamic and adaptive, which can be used and adjusted to local forest 

ecosystems and ensure the sustainability of forest resources (Safe'i et al. 2021). The most common of these 

indicators are biodiversity, vegetation profile, nonnative invasive plants, regeneration and browse impact, 

crown condition, tree damage, lichen communities, tree mortality and standing dead trees, down woody 

materials, soil quality, and fragmentation and landscape context (USDA Forest Service 2020, Anderson et 

al. 2021).

Natural and planted forests encompass ~14.4 million hectares and ~8.8% of the total land area in Iran 

(Department of Environment 2017). All these forests are publicly owned and are mainly divided into two 

regions: northern and western forests. The northern region contains the Hyrcanian temperate forest (~ 1.8 

million hectares) as the only source of industrial wood, managed for a mix of timber production, recreation, 

and conservation uses. While western Iran is dominated by Zagros semi-arid forests (~ 6 million hectares), 

which are heavily utilized as fuel wood for villagers and livestock grazing. Hyrcanian extensive and diverse 

forests provide a basis for multiple uses, including but not limited to timber and wood fiber and lumber 

extraction, non-timber products, biodiversity conservation, recreation, wildlife habitat, and the protection 

of watersheds, i.e. clean water, soil, and air, and carbon sequestration. In the northern region, the state of 

the watersheds indicates reduced forest resilience, and their environmental services are declining due to the 

human-induced rapid environmental changes. Indeed, improper management and over-exploitation of 
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natural resources have threatened the country's biosecurity. Comprehensive watershed management is thus 

a key concern for sustainable development, as discussed in international scientific forums, as well as 

ecosystem health assessment and monitoring are fundamental for sustainable watershed management 

(Sadeghi and Sharifi Moghadam 2021, Sadeghi et al. 2022). Forest health monitoring has been carried out 

already at multiple spatial scales from several different perspectives (Xiao et al. 2004, Fraser and Congalton 

2021, Torres et al. 2021). Most of these works have been limited to a few countries and usually use small-

scale resource-extensive fieldwork combined with conventional remote sensing techniques. Using 

ecological indicators, the present study aims to assess forest health based on a landscape in the Masuleh 

watershed in Guilan Province, northern Iran. The inventory of forest ecosystems is generally difficult and 

costly, and the measured indicators of forest ecosystem health vary based on achieved forest management 

efforts. Therefore, in this study, tree biodiversity, crown condition, natural regeneration, and deadwood 

characteristics were used as health indicators for the forest. 

Materials and Methods

Study area

The study area was selected from the Masouleh forest watershed (4,000 ha) in Gilan province with a 

geographic location between 37°06´to 37°12´ N and between 48°54´to 49°01´ E. The minimum elevation 

above sea level is 700 m, and the maximum is 2,900 m (Fig. 1). The average annual temperature is 10°C, 

and the average rainfall amounts to 930 mm per year. In the Amberje climate classification, the area has a 

cold, humid climate (Bigdeli et al. 2014). Regarding vegetation, this area is one of the temperate Caspian 

forests of Iran and has pastures in highlands (Sarvati et al. 2003). The forests include pure and mixed 

oriental beech (Fagus orientalis Lipsky) stands and also the mixed beech- hornbeam (Carpinus betulus L.); 

hornbeam- beech- Caucasian alder (Alnus subcordata C.A. Mey.) stands, as well as plantation and hazel 

(Corylus avellana L.) forest reserve (Fig. 1). This study was conducted in the mixed beech stand with an 

area of 1,000 ha and at an altitude of 700-2,200 mm, in the eastern part of the watershed. This forest stand 

has three strata (i.e., upper, middle, and lower strata), uneven-aged high forest structure. There are no 

records of forest management plans and commercial logging operations in this area. However, the area is 

under the pressure of grazing and illegal harvesting of tree species like other parts of the Hyrcanian region. 

In this study, forest health indicators were investigated in two altitude ranges (700-1,500 m and more than 

1,500 m) using the cluster sampling method in mixed beech stands.

[Here the Fig. 1]

Sampling procedure

In this study, information on four selected forest health indicators (tree biodiversity, crown condition, 

natural regeneration, and deadwood characteristics) was collected using cluster sampling based on the 
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Forest Health Monitoring (FHM) method (Mangold 1999, USDA Forest Service 2005, 2020). This method 

was first developed in the United States in 1992 and is more commonly used for monitoring forest health 

status, changes, and trends on different scales (e.g., Steinman 2004, Woodall et al. 2011, Berryman and 

McMahan 2019, Potter and Conkling 2022). In other countries, however, the FHM method was expected 

to determine forest conditions based on the measurement results of predetermined ecological indicators. 

Many countries in the tropics and subtropics were among the first to use the FHM method to monitor forest 

ecosystems (Lestari et al. 2019, Putra et al. 2019, Safe'i et al. 2020, Haikal et al. 2020). The plot cluster 

design for measuring forest health in this method includes four plots with a fixed radius of 7.3 m in a 

triangular arrangement, which is presented in Figure 1. A total of 5 plot clusters, including 20 plots, were 

considered in the study area based on purposive sampling which is selecting samples based on the needs 

of the research, not the area (Fig. 1, Tab. 1). In each plot, a micro-plot with a radius of 2 m was determined 

from the center of the plot, where live tree saplings were counted to estimate the natural regeneration of 

the forest stand. Furthermore, transects with a length of 7.3 meters were implemented in each plot to 

measure deadwood characteristics. Field sampling in this study was done during the growing season 

(August and September 2019).

[Here the Tab. 1]

To measure tree diversity, in each plot, species composition, diameter at breast height (DBH), and height 

of all live trees with a DBH ≥7.5 cm were recorded. To measure crown condition, two crown indicators, 

including crown diameter and crown dieback, were measured. In each plot, the crown diameter of all trees 

greater than 7.5 cm DBH was measured in two directions, north-south and west-east, by determining the 

width of horizontal tree crown projections (Nasiri et al. 2021). The percentage of recent mortality within 

the live crown (the terminal part of branches with a diameter of less than 2.5 cm) in the upper part facing 

the sun was defined as crown dieback. Crown dieback was measured in 5% classes across 0% to 100%. It 

is assumed that the drying of these branches results from stresses other than competition and shading 

(Zarnoch et al. 2004). To measure natural regeneration, tree seedlings with a DBH<7.5 cm and at least 1 m 

height were recorded in each plot. Then, the quality of regeneration in terms of crown multi-branching, 

trunk inclination, and crown asymmetry was also evaluated based on visual observation (Vosoghian and 

Shojaie Shami 2017, USDA Forest Service 2015). In this study, two deadwood components, including 

standing dead trees (SDT) and downed dead wood (DDW), were measured. SDT was measured with the 

same methodology as for living trees. In addition, the quantity and condition of DDW were measured in a 

different practice compared to that of standing dead trees. The species, diameter classes (four classes: <35 

cm, 35-50 cm, 50-75 cm, and >75 cm), and degree of decay (1–4 scales from less decayed to more decayed) 

were recorded (Sefidi et al. 2018, Woodall et al. 2019). 

Forest Health Assessment 
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We needed to determine the numerical value of each forest health indicator to make the indicators 

operational. While the numerical measurement of the indicators is challenging, we used a multicriteria 

analysis process to combine four ecological indicators of forest health. To weigh the contribution of each 

indicator to forest health, we used the analytical hierarchy process (Saaty 1980) in a meeting with a group 

of nine decision-makers-academic experts in forest management. Forest health assessment of the study area 

was performed based on the weighting of the results of the ten forest health parameters related to the four 

ecological indicators measured in the study area. To derive these weights, we made an iterative series of 

trade-offs between pairs of parameters. Figure 2 represents the general hierarchy of the principle, criteria, 

indicator, and parameter selected to assess the forest health. Selecting the principle, criteria, and indicators, 

the measured values of indicators and the weights of indicators were estimated to assess the forest health. 

Weights are defined for each indicator from 0 to 1, where 1 is the reference state (healthy), and 0 implies 

that an area is entirely unhealthy. We multiplied the weight of each indicator by its measured value and 

summed the values for all the indicators to obtain the final forest health value. The value provides a 

quantitative perception of the forest health condition in the study area.

 [Here the Fig. 2]

Data analysis

The parameters commonly used to characterize the stand structure in this study area are the number of 

individuals, average DBH, total height, number, volume, and basal area of trees per hectare. To estimate 

tree diversity, diversity indices, including Shannon–Wiener index and Simpson's index, were used to 

quantify the tree diversity. Furthermore, Pielou’s measure of evenness and the Margalef richness index was 

used to determine the evenness of species and species richness, respectively. Crown conditions were 

characterized by crown diameter and crown dieback. We used a four-class model for crown dieback 

classification, where Class 1= the most healthy (crown dieback degree of 1% to 25%) and Class 4= the 

least healthy or declining (crown dieback degree of 75% to 100%) (Evans et al. 2012). Natural regeneration 

was defined as the percentage, number, and health of the seedlings. The number and volume of deadwood 

(SDT and DDW), as well as mean diameters and degree of decay, were calculated.

For data analysis, first, we performed the Kolmogorov-Smirnov test to assess the data's normality at a 

confidence level of p-values of < 0.05. These quantitative data were evaluated for homogeneity using 

Leven's test. To test the means for equality, we used a one-way analysis of variance (ANOVA), and 

Duncan's multiple tests were used to compare groups. Biodiversity indicators were calculated using PAST 

software. Data analysis and graphs were conducted with SPSS 24 software and Excel 2016 software, 

respectively.

Results
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Species composition and stand structure

A total of 425 individuals representing 19 tree species and 13 families were recorded in the study area 

(Tab. 2). Betulaceae was the most species-rich family with three species (23.29%), followed by Aceraceae, 

Fagaceae, and Rosaceae, which contained two species (57.18%). The remaining nine families were 

presented by single species. The frequency values of tree species ranged from 0.24% to 36.71% in the study 

area. Oriental beech (Fagus orientalis Lipsky, 156 individuals, 36.71%) followed by hornbeam (Carpinus 

betulus L., 90 individuals, 21.18%) were the most frequently found species in the study area. Five species 

Alnus glutinosa (L.) Gaertn., Corylus avellana L., Robinia pseudoacacia L., Pinus nigra J.F.Arnold, Pyrus 

glabra Boiss., exhibited low-frequency values (<1% each). Both mean values of DBH and height 

parameters were higher in oak trees (DBH= >40 cm, height = > 20 m) than in the other tree species, 

followed by black alder, oriental beech, and hornbeam species with DBH ~30-35 cm and height ~14-16 

m. Buxus hyrcana Pojark., Corylus avellana L., and Diospyros lotus L. were represented by lower values 

of mean DBH and height with DBH ~18-20 cm and height ~9 m.

[Here the Tab. 2]

Table 3 summarizes the quantitative structure of the stand in the study area. The total basal area 

was 42.78 m2 ha-1. Stand density reached 425 individuals ha-1, and their volume reached 504.19 

m3 ha-1. The mean diameter at breast height (dbh) of all trees was 30.6 cm, and for height, it was 

14.32 m. The diameter frequency histogram of the studied forest results in a typical reversed J-

shaped diameter frequency plot in the Hyrcanian forest, indicating the dominance of lower-

diameter trees in the area (Fig. 3).

[Here the Fig. 3]

[Here the Tab. 3]

Tree diversity

Table 3 illustrates the Shannon–Wiener diversity index and Simpson's diversity index, as well as 

Pielou’s measure of evenness and Margalef richness index of the study area. The Shannon-Wiener 

diversity index is the most widely used species diversity measure. A rich ecosystem with high 

species diversity has a considerable value for the Shannon-Wiener diversity index, whereas an 

ecosystem with little diversity has a low value. Concerning the tree species, the Shannon-Wiener 
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diversity index and Simpson's diversity index of the stand were 2.11 and 0.80, respectively. The 

value of the Shannon-Wiener diversity index is almost average, and Simpson is close to the 

maximum value (1). This shows the high tree diversity of the area. The value of Pielou’s measure 

of evenness is close to the maximum value (1). In addition, the numerical value of the Margalef 

index was 2.81, which indicates the intermediate level of richness in the study area. About the plot 

clusters, CL2 was more diverse than other plot clusters, with the highest mean values of the 

Shannon-Wiener diversity index (2.17) and Simpson's diversity index (0.85). The minimum values 

of the diversity indexes of Shannon Weiner (1.89) and Simpson index (0.78) belong to CL3 at 

altitudes of 700 to 1,500 m. The maximum (0.82) and minimum (0.73) values of Pielou’s measure 

of evenness belonged to CL2 and CL4, respectively. The maximum species richness (3.03) 

belongs to CL4 at altitudes of more than 1,500 meters. The minimum values of species richness 

(2.70) belong to CL3 at altitudes of 700 to 1,500 m.

Crown condition

The average values measured for crown diameter (m) and crown dieback (%) are presented in 

Table 3. The average crown diameter of all existing trees is 7.1 m. Considerable differences in the 

mean crown diameter of measured trees by each tree species were found (Tab. 4). Alnus glutinosa 

(L.) Gaertn. and oak species showed the highest measured crown diameter (approximately 10 m) 

among the species in the study area. Diospyros lotus L., Corylus avellana L., and Pinus nigra 

J.F.Arnold. represented the lowest mean crown diameter (approximately 4.5 m) in the area. CL1 

had the highest mean values of crown diameter compared to other plot clusters in the study area. 

Classification results obtained with the degree of crown dieback showed that the most-healthy 

class (1) has the highest frequency with 65.18%. 11.38% of trees were in the least healthy class 

(4) in the study area. In addition, the distribution of crown dieback classes among the plot clusters 

showed that CL4 with 80.39% and CL1 with 40.21% have the highest and lowest frequencies in 

the most-healthy class (1), respectively. Based on Figure 4, the degree of crown dieback of the 

trees in the study area in some species is proportional to the trend of changes in the crown diameter. 

Especially for three common species in the study area (i.e., Oriental beech, hornbeam, and oak), 

crown dieback increased with increasing crown diameter. 

The results of the descriptive statistics of crown dieback percentage among the tree species of the 

studied forest are presented in Table 4. All the surveyed trees had less than 20% crown dieback. 

The results indicate that the tree species of Buxus hyrcana Pojark., and Diospyros lotus L. had the 

highest crown dieback with values of 17.5% and 16.7%, respectively. 
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[Here the Tab. 4]

[Here the Fig. 4]

Natural regeneration

The natural regeneration status of the study area is presented in Tab 3. The overall mean seedlings 

population density was 273 individuals ha-1. Assessing the health condition, it was found that 

unhealthy conditions occurred in 20% of the total number. The average density of healthy 

seedlings was ~219 individuals ha-1 and for unhealthy seedlings, it was ~54 individuals ha-1. Most 

individuals occurred in CL1, where 254.44 healthy seedlings ha-1 and 59.56 unhealthy seedlings 

ha-1 from natural regeneration were found. The proportion of oriental beech in natural regeneration 

was significant (on average 643.5 seedlings ha-1, 15.1%). Other species occurring in the area were 

as follows: hornbeam (548.3 seedlings ha-1), oak (443.5 seedlings ha-1), Caucasian alder (293.3 

seedlings ha-1), and sporadically other species. Among healthy seedlings, species of oriental beech, 

hornbeam, oak, Caucasian alder, and Cappadocian maple (Acer cappadocicum Gled) accounted 

for the highest number of individuals/ha (more than 230 healthy seedlings ha-1), while among the 

unhealthy seedlings species of walnut (Juglans regia L.), Diospyros lotus L. and Buxus hyrcana 

Pojark., had the lowest number of individuals/ha (less than 25 unhealthy seedlings ha-1). 

Deadwood

Based on Table 3, total deadwood was 44.12 m3 ha-1 and was formed by 168 individuals per ha-1. 

Therefore, the dead-to-live wood ratio was ~9%, as the living volume was 504.19 m3 ha-1. CL4 

and CL1 had the largest share of deadwood in terms of number and volume, respectively. DDW 

accounts for approximately 90% and 77% of deadwood in density and volume, respectively. 

The number and volume of deadwood categories were calculated by diameter class in the study 

area (Fig. 5). This shows that as the diameter of the deadwood categories increases, the number of 

deadwood categories decreases much faster than dead volume. An apparent decrease in the trend 

was observed for the DDW category. Another result is that deadwood with a diameter ≤ 50 cm 

represented ~90% and ~50% of deadwood number and volume, respectively. In addition, the 

number and volume of deadwood categories were calculated by wood decay classes in the study 

area (Fig. 6). The significant proportion of deadwood number (77%) and deadwood volume (81%) 

belonged to Class 1 (least decomposed). About one-third (21%) of all deadwood numbers or 15% 

of the deadwood volume belonged to Class 2 (the wood was moderately soft). 1.8% and 1.6% of 
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the deadwood number and volume were in Class 3 (the wood was soft and easy to defragment), 

respectively. Finally, 0.6% and 2.4% of the deadwood number and volume were in Class 4 (the 

wood had little structural integrity), respectively. 

There is considerable variation in the contribution to the number and volume of deadwood by each 

tree species in the study area. Hornbeam made a major contribution (~38%), followed by oriental 

beech and oak species with ~25%, whereas Tilia begonifolia Stev. demonstrated a minor role for 

that (~0.1%) (Tab. 4). 

[Here the Fig. 5]

[Here the Fig. 6]

Forest Health Assessment 

We combined the ten parameters related to the four indicators to obtain a numerical value of forest 

health. The measured values of these parameters and indicators selected in the study area and 

assessment of forest health are presented in Table 5. Overall, the estimated forest health value of 

the study is 0.23, and the proportion of tree diversity that contributed to forest health was weighted 

highest (61 %), followed by crown condition (21.7 %), natural regeneration (13 %), and deadwood 

(4.4 %). High proportional contribution by tree diversity indicator to the forest health value is 

based on the high weight and measured value in the study area. 

[Here the Tab. 5]

Discussion

First, we tried to demonstrate some stand structural features of the study area. The measurement 

of all trees in the study area shows the average density of living trees of 425 per hectare, which is 

particularly high and is clearly associated with the big-sized dominant trees across the forest. The 

measured density of tree species was almost similar to the study of Moridi et al. (2015) and 

Parhizkar et al. (2022). The obtained value was higher than those reported in other studies (Marvie 

Mohadjer et al. 2009). On the other hand, the density was lower compared to 651 N ha-1 (Eslami 

2017), and 587 N ha-1 (Kahriman et al. 2016) observed in oriental beech forests. Oriental beech is 
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the main tree species of the forest, with a mean DBH of ~34 cm and a mean height of ~16.2 m. 

The same results were reported in the oriental beech stands in the north of Iran (Moridi et al. 2015).  

Most trees belonged to the smallest diameter class in the study area. The diameter frequency 

distribution of the living trees in the study area within size classes showed the same pattern in the 

study of Pourmajidian et al. (2010) and Khanalizadeh et al. (2020) in Oriental beech-dominated 

forests in Iran. The average volume of living trees in the stand was 504.19 m3 ha-1, and the basal 

area was 42.78 m2 ha-1, close to the reference values identified in the temperate forests (Mervi 

Mohadjer 2005).

Regarding species diversity, Shannon-Wiener’s index (1.89 to 2.17) and Simpson’s index (0.78 to 

0.85) showed high diversity, which demonstrates that the probability that a species become 

dominant is low. The Pielou’s evenness varied from 0.73 to 0.82 (high diversity). While the 

Margalef species richness index varied from 2.7 to 3.03 (intermediate diversity). Based on the 

results obtained from the characteristics of tree diversity, evenness, and species richness, it has 

been determined that the values of these indicators are relatively high in the forest stand of the 

study area. The tree diversity was expected to be high considering the position of this measured 

stand in the Hyrcanian sub-mountain forest, as well as its intactness. The results of these indicators 

in this study are also comparable to those obtained in other works investigating tree diversity in 

oriental beech forests (Sohrabi et al. 2011, Tavankar et al. 2014). Furthermore, the forest stands 

under investigation were in an optimal stage, and beech species—the dominant species—provided 

suitable environmental conditions for the presence of retaining live trees. Considering that the 

selected forest stand is a natural broadleaf forest, the high biodiversity in these temperate 

deciduous forests can be attributed to the appropriate temperature, soil, and high humidity 

(Hosseini 2004). This result is in accordance with the results of Brockerhoff et al. (2017) and Mori 

et al. (2017) in temperate forest ecosystems.

In the present study, we assessed crown condition using a quantitative characteristic, i.e., crown 

diameter, and a qualitative characteristic, i.e., crown dieback. The large size of tree crowns in the 

study area with the average tree crown diameter of 7.1 m across the study area indicates the high 

fertility of the habitat and the low competitive effect between species, which is in accordance 

with previous findings in ecologically equivalent areas (Bakhshandeh Navroud et al. 2018, Dieler 

and Pretzsch 2013). Based on the obtained results, trees with larger crown diameters showed more 

crown dieback. This result is in accordance with the studies of Hosseinzadeh and Pourhashemi 

(2015) and Raptis et al. (2018), where a higher percentage of trees with a larger crown size were 

in the severe crown dieback class. In contrast, in the study of Fallah and Haidari (2018), trees with 

a smaller crown size are more exposed to dieback. In this study, on average, almost 14% of the 
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crowns of the investigated trees were dry. In the study of Marvie Mohadjer and Moradi (2012) 

evaluating the crown health of beech trees in northern Iran, the results showed that 84% of the 

examined trees had a healthy crown. Also, the frequency of trees in crown dieback classes showed 

that the healthiest class (Class 1) has the highest frequency with 65% and the lowest healthy class 

(Class 4) has only 11% frequency. While in the study of Dezfoli et al. (2020), the severe dieback 

class has the highest frequency compared to the other dieback classes. Furthermore, most of the 

trees with closed and medium-sized crowns are in the dieback Class 1 and have a relatively better 

crown condition. In contrast, trees with open crowns showed higher dieback in the study area.

Concerning the assessment of the natural regeneration in the study area, it was found that, on 

average, there are 273 seedlings per hectare in the total stand, which is a high seedling density 

compared to other studies reported by Bayat et al. (2017), Sagheb Talebi et al. (2020). Like 

untouched forest stands, the density of seedlings exhibited good overall regeneration in the study 

area in the lack of human access and degradation, and also more suitable humidity and heat 

conditions have made it possible for better regeneration in the area (Safari et al. 2018, Nasiri et al. 

2018). Furthermore, in the study area, 80% of the seedlings were healthy, and 20% were 

unhealthy. The highest frequency of tree species in the regeneration layer belongs to the beech 

species. This is due to the shade-tolerant nature of the beech species and their establishment in the 

high crown canopy cover (more than 70%) in the study area, similar to the study of Mortezapour 

et al. (2006) and Žemaitis et al. (2019). Moreover, high regeneration density is associated with a 

high beech basal area in the overstory (Axer et al. 2021), which is consistent with our results. In 

general, the natural regeneration condition in the study area is favorable. The limited number of 

unhealthy seedlings can be associated with extreme cold in winter, along with dryness and extreme 

heat waves in summer.

The total deadwood amount exceeds 40 m3 ha-1 in the study area, which is particularly relevant in 

temperate Hyrcanian forests. In different types of Hyrcanian forests, the amount of deadwood 

ranges from 3 to 120 m3 ha-1 (Amanzadeh et al. 2013, Müller et al. 2015, Sefidi et al. 2018). The 

amount of deadwood has been considered the main driver of stand structure, tree species diversity, 

and the presence of old-growth forest specialists (Bässler et al. 2014, Müller et al. 2015). This 

amount in the current study is higher than the value that is considered to be a threshold for forest 

biodiversity conservation in old-growth forests (Badalamenti et al. 2017). Another essential 

feature is the relationship between two main deadwood categories, including SDT, and DDW, 

which both play an important role in forest plant diversity. In this study, only 23% of the total 

deadwood volume is found in SDT. This result is similar to the result of Sefidi and Etemad (2014) 

in a mixed beech forest in northern Iran, where 34% of all dead trees were SDT. A similar value 
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of DDW share compared to what was obtained in this study (i.e., 77%) was reported by 

Amanzadeh et al. (2013). Regarding the density of deadwood, compared to other similar temperate 

forests, the study area had a moderate number of SDT (15 per hectare). At the same time, the area 

shows a relatively high number of DDW (153 per hectare). Moreover, the diameter distribution of 

the deadwood combined with the decay class provided further information. The distribution of 

deadwood volume, both SDT and DDW, with the most minor diameters (DBH < 30 cm), is less 

common (10%). In contrast, trees with DBH > 30 cm are more represented in the study area (90%), 

as expected in old-growth beech forests (Sefidi et al. 2013). This should occur due to the gradual 

natural loss of huge living and old trees, particularly in the stands affected by some natural 

disturbances (Badalamenti et al. 2017). 20% of deadwood volume was in the very large-sized 

diameter class (DBH > 75 cm) that can lead to establish and development of regeneration and 

stand initiation by gap opening derived from large beech trees (Stiers et al. 2019). The highest 

number of deadwood (90%) was noticed in the lower diameter class (DBH < 30 cm). These were 

dead trees that had a less favorable bio-space, and a competitive environment was the most 

common cause of tree death as a well-documented factor in temperate forests (Das et al. 2011). 

From the point of wood decay, Class 1 had the largest share (~81%) of the deadwood number and 

volume. In other temperate forests, a lower level of decomposition was also found (Müller-Using 

and Bartsch 2009, Sefidi et al. 2013). SDT was only in the first tree decay classes, whereas DDW 

was distributed in all four decay classes. In general, deadwood decomposition is dependent on the 

functional group of plants, exposure time, and precipitation, as well as species identity (Rawlik et 

al. 2021). Among the existing tree species, hornbeam had the highest percentage of deadwood 

volume, which can be due to the higher number of deadwood per hectare of this species and its 

faster decay rate, especially compared to beech species (Sefidi and Marvi Mohadjer 2009). 

Finally, the estimated forest health value provides a sense of the quantified status of forest health 

but remains largely conceptual in its operability. Based on the results, the forest health value of 

the study area is highly related to tree diversity. Similarly, increasing importance is attributed to 

the tree diversity influencing forest health in previous studies (Bussotti et al. 2018, Kacholi 2019, 

Safe’i et al. 2022). 

Conclusions

Monitoring programs are required to manage and maintain the sustainability of forests in the 

Hyrcanian region. Ecological monitoring of natural forests in the region is a consistent and often 

long-term control measure that identifies and evaluates different phenomena and their effects on 

the forests based on different quantitative and qualitative criteria. Health monitoring through 
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ecological indicators makes it possible to assess the status of forest ecosystems and then ensure 

the sustainability of forest activities. The forest health monitoring method (FHM) and emphasizing 

the biodiversity of forest ecosystems can be very efficient for forest monitoring systems. In this 

study, the indicators of tree diversity, crown condition, natural regeneration, and deadwood have 

been selected for monitoring the health of the forest, and the analysis of the forest monitoring data 

allows the evaluation of the general characteristics of the forest, such as stability, based on these 

indicators. The focus of this study was on forest health in the oriental beech forest as a result of 

using the FHM method as a standard method designed in temperate forests in North America, 

which is also used in other forest areas of the world. The results of the indicators selected in this 

study, considering the intactness of the investigated forest stands, can be used as a basis for 

assessing the health of the forest and comparing it with other similar forests, and determining the 

number of deviations caused by natural and human changes.
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Table 1- Characteristics of plot clusters in the study area.

Plot 
cluster Altitude (m asl) Latitude (N) Longitude (E) Aspect Slope (%)

CL1 1,340 4113870 319142 North-east 50
CL2 1,640 4112433 320213 East 60
CL3 1,420 4112132 321420 East 35
CL4 1,940 4111353 320650 East 65
CL5 1,340 4114650 321224 South 70

Table 2 - Composition of 19 tree species in the study area. Abbreviations: N — number of individuals, 
RF — relative frequency, DBH — diameter at breast height.

Family Scientific Name N RF (%) Mean DBH (cm) Mean height (m)
Aceraceae Acer velutinum Boiss. 26 6.12 25.85 12.38

Acer cappadocicum Gled.  11 2.59 23.18 10.91
Betulaceae Carpinus betulus L. 90 21.18 30.56 14.44

Alnus subcordata C.A.Mey. 6 1.41 32 14.83
Alnus glutinosa (L.) Gaertn. 3 0.71 35.67 13

Buxaceae Buxus hyrcana Pojark.    5 1.18 20.20 9
Corylaceae Corylus avellana L. 4 0.94 18 9
Ebenaceae Diospyros lotus L. 12 2.82 18.08 9.08
Fabaceae Robinia pseudoacacia L. 1 0.24 21 10
Fagaceae Quercus castaneifolia C.A.Mey. 31 7.29 43.48 20.10

Fagus orientalis Lipsky. 156 36.71 34.86 16.19
Hamamelidaceae Parrotia persica (DC.) C.A. Mey. 4 0.94 18.50 11
Juglandaceae Juglans regia L. 9 2.12 22.67 10.78
Oleaceae Fraxinus excelsior L. 18 4.24 21.33 10.50
Rosaceae Cerasus avium (L.) Moench. 17 4.00 21.12 9.94

Pyrus glabra Boiss. 2 0.47 20.50 13.50
Tiliaceae Tilia begonifolia Stev. 19 4.47 23.74 12.32
Ulmaceae Ulmus carpinifolia Gleditsch 4 0.77 20.12 8.30

Zelkova carpinifolia (Pall.) K. Koch. 7 1.81 26.64 10.09
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Table 3 - Descriptive statistics of stand structure and tree diversity, crown condition, natural 
regeneration, and deadwood indices for the investigated forest stand in the study area. Abbreviations: 
DBH — diameter at breast height, N — number of individuals, SDT— standing dead trees, DDW— 
downed dead wood.

Plot clusterIndicator Statistic CL1 CL2 CL3 CL4 CL5 Total

Mean DBH (cm) 37.78 26.29 25.26 27.34 36.70 30.60
Mean Height (m) 16.16 13.42 13.12 12.47 16.89 14.32
Basal area (m2 ha-1) 12.20 5.95 6.86 6.36 11.40 42.77
Stem density (N ha−1) 79 78 102 85 81 425

Stand 
structure 
descriptors

Volume (m3 ha-1) 148.33 64.23 76.96 60.30 154.37 504.19
Diversity (Shannon–Wiener index) 2.05 2.17 1.89 1.92 2.06 2.11
Diversity (Simpson index) 0.82 0.85 0.78 0.78 0.82 0.80
Evenness (Pielou) 0.78 0.82 0.74 0.73 0.78 0.76Tree diversity

Richness (Margalef index) 2.98 2.96 2.70 3.03 2.98 2.81
Mean crown diameter (m) 8.59 8.36 6.42 5.99 6.21 7.09 
Crown dieback (%) Class 1 40.21 70.69 65.88 80.39 68.72 65.18

Class 2 29 - 34.12 0.82 2.11 13.21
 Class 3 18.01 9.2 - 14.81 9.15 10.23

Crown 
condition

Class 4 12.78 20.11 - 3.98 20.02 11.38
Density (N ha−1) of healthy seedlings 254 195 241 213 190 219
Density (N ha−1) of unhealthy seedlings 60 59 55 64 33 54Natural 

regeneration Total density (N ha−1) 314 254 296 277 223 273
Density (N ha−1) of SDT 6 2 1 2 4 15
Density (N ha−1) of DDW 28 36 26 45 18 153
Total density (N ha−1) 34 38 27 47 22 168
Volume (m3 ha-1) of SDT 2.06 3.73 1.23 2.46 0.74 10.22
Volume (m3 ha-1) of DDW 11.72 5.93 6.05 7.43 2.77 33.90

Deadwood

Total Volume (m3 ha-1) 13.78 9.66 7.28 9.89 3.51 44.12
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Table 4 - Descriptive statistical results of crown condition, natural regeneration, and deadwood indices 
among the tree species of the study area. Abbreviations: N — number of individuals, SDT— standing 
dead trees, DDW— downed dead wood. 

Natural regeneration Deadwood Crown condition
N ha−1 N ha−1 Volume (m3 ha-1) 

Scientific Name Crown 
diameter 

(m)

Crown 
dieback 

(%)

Healthy 
seedlings

Unhealthy 
seedlings Total Percent. STD DDW STD DDW

Acer velutinum 
Boiss. 6.11 15 187.5 46.6 234.1 5.51 2 12 0.48 1.57

Acer 
cappadocicum 
Gled.  

5.56 5 232.5 41.9 274.5 6.46 - 8 - 0.73

Carpinus betulus 
L. 7.08 14.25 438.4 109.8 548.3 12.9 4 46 3.01 13.78

Alnus subcordata 
C.A.Mey. 7.39 5 230.5 62.8 293.3 6.9 - 6 - 0.46

Alnus glutinosa 
(L.) Gaertn. 10.22 10 179.3 34.6 213.9 5.03 - - - -

Buxus hyrcana 
Pojark.    4.94 17.5 81.8 24.5 106.3 2.5 - 12 - 0.41

Corylus avellana 
L. 4.49 10 34.1 10.2 44.3 1.04 - 2 - 0.09

Diospyros lotus L. 4.5 16.66 157.4 36.7 194.1 4.57 - 12 - 0.35
Robinia 
pseudoacacia L. 5.11 - 51.1 15.3 66.4 1.56 - - - -

Quercus 
castaneifolia 
C.A.Mey.

9.76 14.41 364 79.5 443.5 10.43 2 10 3.72 7.18

Fagus orientalis 
Lipsky. 7.98 13.46 518.5 125 643.5 15.14 3 36 2.59 9.17

Parrotia persica 
(DC.) C.A. Mey. 4.59 10 80 40 120 2.82 - - - -

Juglans regia L. 5.45 10 61.3 18.4 79.7 1.87 - - - -
Fraxinus excelsior 
L. 5.17 12.5 141.7 42.2 184 4.33 4 7 0.32 0.2

Cerasus avium 
(L.) Moench. 5.13 10 121.1 38.9 151 3.55 - - - -

Pyrus glabra 
Boiss. 5 - 112.4 33.7 146.2 3.44 - - - -

Tilia begonifolia 
Stev. 5.68 13.33 144.3 45.8 190.1 4.47 - 2 - 0.06

Ulmus 
carpinifolia 
Gleditsch

4.21 - 122.2 33.8 156 3.67 - - - -

Zelkova 
carpinifolia (Pall.) 
K. Koch. 

6.27 15 126 35.8 161.8 3.81 - - - -
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Table 5 - Details of the contributing indicators for assessing the forest health of the study area. Higher 
values indicate higher relative importance. 

Indicator Indicator parameter measure
Indicator 
parameter 

weight

Indicator 
weight

Measured 
value of 

indicator

Indicator 
contribution

to forest health
Diversity (Shannon–Wiener index) 0.12
Diversity (Simpson index) 0.12
Evenness (Pielou) 0.08

Tree 
diversity

Richness (Margalef index) 0.08

0.42 0.33 0.14 (60.9 %)

Crown diameter 0.1Crown 
condition Crown dieback 0.1 0.18 0.29 0.05 (21.7 %)

Healthy seedlings 0.16Natural 
regeneration Unhealthy seedlings 0.04 0.24 0.11 0.03 (13 %)

SDT 0.12Deadwood DDW 0.08 0.16 0.09 0.01 (4.4 %)

Sum 1 0.85 0.23
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Figure 1 - Maps of the study area (a), digital elevation model (DEM) (b), and land cover and sampling 
plot clusters (CL1-CL5) locations (c). Maps were created using Esri ArcGIS ArcMap 10.8 
(http://www.arcgis.com). Top-right insert, diagram of plot cluster design for measuring forest health 
indicators in the study area based on the Forest Health Monitoring (FHM) method (Mangold 1999).

Figure 2 - Hierarchy of principle, criteria, indicators, and parameters selected to assess the forest health 
of the study area. 

Figure 3 - Diameter frequency distribution of the living trees in the study area using DBH classes of 
15 cm bins. Abbreviations: N — number of individuals, DBH — diameter at breast height.

Figure 4 - Relationship between crown diameter (m) and crown dieback (%) for tree species in the 
study area.

Figure 5 - Distribution of the number (left axis) and volume (right axis) of deadwood categories (SDT; 
a, DDW; b) by diameter class in the study area. Abbreviations: N — number of individuals, SDT— 
standing dead trees, DDW— downed dead wood.

Figure 6 - Distribution of the number (left axis) and volume (right axis) of deadwood categories (SDT; 
a, DDW; b) by wood decay class in the study area. N — number of individuals, SDT— standing dead 
trees, DDW— downed dead wood.
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